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Measuring Skill-upgrading in the Dutch
Labor Market∗
Arnaud Dupuy
Abstract
An important factor of shifts in the skills composition of the work-
force is the upgrading of the qualifications demanded in the various
jobs in the economy, the so-called skill-upgrading. This skill-upgrading
is principally caused by the development of new technologies that de-
mand more or diﬀerent skills to be eﬃciently operated or by organi-
zational changes that lead to increase the skills demanded to perfom
the tasks of the various occupations. Drawing from the microeco-
nomic foundations of demand shifts, this paper presents an empirical
methodology to estimate the speed of skill-upgrading in diﬀerent pe-
riods.
1 Introduction
An important factor of shifts in the skills composition of the workforce is the
upgrading of the qualifications demanded in the various jobs in the economy,
the so-called skill-upgrading. This skill-upgrading is principally caused by
the development of new technologies that demand more or diﬀerent skills to
be eﬃciently operated or by organizational changes that lead to increase the
skills demanded to perform the tasks of the various occupations.
To illustrate this skill-upgrading, Figure 1 indicates for the Netherlands
the evolution of the demand for workers in 5 diﬀerent educational levels over
time at constant wage structure and supply of workers by educational level.
The evolution of the demand for workers by educational levels is therefore
∗I thank Lex Borghans and Frank Cörvers for their comments on earlier drafts of this
paper.
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purely driven by technological and organizational changes. Suppose that in
1980, the demand for workers with primary education (BO), lower secondary
education (VMBO), upper secondary education (MBO), higher vocational
education (HBO) and university education (WO) is 100. The full lines corre-
spond to the measure of skill-upgrading as measured using employment data
by education and occupation for the period 1979-1992. Given the estimated
upgrading coeﬃcients in the 80s, the demand for college graduates would
have increased at a average annual rate of 2.2% while the demand for work-
ers with primary education would have decreased at a average annual rate of
4.5%. At constant speed of skill-upgrading, the demand for university grad-
uates would have doubled in 2010 (from 100 to 190) whereas the demand for
workers with primary education would be four times smaller than the 1980
demand (from 100 to 26).
However, the structural changes that take place in the labor market do
not need to be constant over time. These structural changes are caused by i)
the introduction of new technologies that are relatively more complementary
with some types skills than others and ii) changes in the price of capital when
capital is complementary with skilled workers of workers with specific skills
in production. This means that in periods of few changes in technology or
stable price of capital, there will be no or few skill-upgrading.
Recent developments in the labor market show evidence that not only
the speed of skill-upgrading is lower than in the 80s but also the nature of
skill-upgrading has shifted from generic to specific skills. A very interesting
example of which is found in the banking sector.1 Since ATM’s perform tasks
that were previously performed by low skilled workers, the direct eﬀect of the
introduction of ATM’s was to decrease the demand for low skilled workers in
the banking sector and indeed, between 1984− the introduction of the ATM
in the banking sector in the US− and 1995, the employment of low skilled
workers dropped by 41,000 in the banking sector. However, the use of new
technologies was complemented by a work reorganization that led tellers (the
old job title “Teller” has been replaced by a new job title “Customer Service
1Hunter, L., A. Bernhardt, K. Hughes, and E. Skuratowicz (2001) give a very detailed
picture of the eﬀects of the introduction of ATM’s in the bank sector. They not only
consider the eﬀect of the introduction of this new technology on employment within the
bank sector but also consider the eﬀect reorganization that followed as a direct consequence
the introduction of ATM’s. See also van Reenen and Caroli (2001). Therein the authors
show that organizational changes complement technological changes.
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Representative”) to take over routine tasks2 previously performed by Per-
sonal Bankers so that Personal Bankers could focus on sales exclusively. As
a result, the number of employed tellers stabilized rather than dramatically
decreased since the mid-90s.3 This example clearly indicates that although
new technologies might lead to rapid skill-upgrading, organizational changes
that complement these new technologies might contribute to slowdown the
skill-upgrading.
To illustrate these changes in the speed of skill-upgrading in the Nether-
lands, we estimated the skill-upgrading coeﬃcients using recent data on em-
ployment by education and occupation for the period 1996-2003. We then
apply these new coeﬃcients to the demand for workers with the various edu-
cational levels from 1999 on (the mid-point of the period for which these new
coeﬃcients are estimated). The dotted lines clearly indicate that the speed
of skill-upgrading has decreased significantly since 1999 compared to the 80s
and 90s. The demand for university graduates increased at an annual rate
of 0.3 percent only between 1999 and 2010 whereas the demand for workers
with primary education decreased at an annual rate of 0.2 percent only.
Note that due to technological and organizational changes, the demand
for higher vocational graduates will rise more rapidly than the demand for
university graduates (yearly diﬀerential growth of 0.9%) between 1999 and
2010. This is in sharp contrast with the skill-upgrading observed in the 80s
and 90s that saw the relative demand for university graduates to higher vo-
cational graduates grow at a yearly rate of 0.7%. This shows some evidence
that the current technological and organizational changes demand relatively
more specific and applied skills than generic skills in contrast with the tech-
nological and organizational changes of the 80s and 90s. This is consistent
with Nelson and Phelps’s (1966) hypothesis, see also more recently the study
by Greenwood and Yorokoglu (1997), that workers with generic skills (univer-
sity graduates) have a comparative advantage in implementing and adopting
new technologies. Technological changes are therefore followed by a transi-
tion period during which a growing proportion of workers with generic skills
are assigned to “new” tasks that consist of experimenting, developing and
implementing routines in order to use these new technologies. This transition
period is characterized by an acceleration of the demand for skilled workers
2For instance, changing addresses, issuing cards and adding new accounts etc. Note
that these tasks are impossibly done by machines and rather easily performed by humans.
3Note that a partial explanation for the Tellers employment stabilization is a steady
decrease of the average number of hours worked.
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and a fast growing skill premium but a slowdown in labor productivity. As
routines become available, workers with specific and applied skills start using
the new technology in their job. The demand for specific and applied skills
increases compared to the demand for generic skills.
2 Methodology
Suppose aggregate output in the economy, say Yt, is produced by combining
intermediate occupational outputs, say Yj with j = 1, ...,Nj where Nj is the
number of distinct occupations in the economy, with a CES technology:
Yt =
ÃX
j
δjtY βjt
!1/β
where δjt are eﬃciency units of occupational output j at time t and σ = 11−β
is the ease to substitute intermediate outputs.
The occupational output is produced by combining workers with diﬀerent
educational backgrounds in various proportions as follows:
Yjt =
ÃX
i
λijtLβeijt
!1/βe
where λijt are eﬃciency units of workers with education i in occupation j at
time t and σe = 11−βe is the ease to substitute workers with various educa-
tional backgrounds within occupations. Lijt is employment in occupation j
of workers with education i at time t.
Equating marginal productivity to wages by education wit, that is assum-
ing perfect competition in the labor market, yields the equilibrium employ-
ment level by occupation and education as:
Lijt = Yt (UCt(wt))σ (UCjt(wt))σe−σδσjt
µ
λijt
wit
¶σe
∀i, j
with
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UC(wt) =
ÃX
j
δσjt (UCjt(wt))
1−σ
!1/(1−σ)
and
UCjt(wt) =
ÃX
j
λσeijtw1−σeit
!1/(1−σe)
where UC stands for unit costs and wt = hw1t, ..., wNiti where Ni indicates
the number of education.
Suppose technology is constant so that δ and λ are constant over time.
Changes in (log) employment of workers with education i in occupation j
over time are bi-proportional and given by:
∆ lnLijt = ∆ lnYt + σ∆ ln(UC(wt)) + (σe − σ)∆ lnUCjt(wt)− σe∆ lnwit
= ∆ lnYt + σ∆ ln(UC(wt)) + lnRj + lnSi
This means that when technology is constant over time, changes in the
allocation of workers with education i in occupation j (that can only be
induced by changes in the wage structure) can be measured using the RAS
method.4
Suppose now that technology does change over time but only δj may
change. These types of shifts are neutral in terms of education but non-
neutral in terms of occupational output. By neutral in terms of education,
we mean that the sectorial or technical changes do not complement nor substi-
tute workers with some particular education within occupations. All workers,
irrespective of their education, are aﬀected the same way. Think of a new
machine that enhances marginal productivity in occupation i at t + 1 and
could be operated as productively by any type of worker. The changes in
the (log) employment of workers with education i in occupation j are still
bi-proportional and read as:
4See Stone and Brown (1964), Evens and Lindley (1973), Kadas and Klafzky (1976),
van Eijs and Borghans (1996) and Dupuy and Borghans (2005).
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∆ lnLijt = ∆ lnYt + σ∆ ln(UC(wt)) + (σe − σ)∆ lnUCjt(wt)
+σ∆ ln δjt − σe∆ lnwit
= ∆ lnYt + σ∆ ln(UC(wt)) + lnR∗j + lnSi
However, the occupational component is diﬀerent from 0 even at constant
wage structure, i.e. wit = wit−1 for all i, because of the term σ∆ ln δjt in lnR∗j .
Hence, given constant wage structure, shifts in the demand for workers has
the so-called fixed coeﬃcient structure.
Lijt ≡ FCijt = Lijt−1 × L.jtL.jt−1 (1)
where FCijt is the employment of workers with education i in occupation j
were the wage structure constant and technology neutral in terms of educa-
tion but non neutral in terms of occupations between t and t− 1.
However, technical changes in general may be non-neutral to educational
groups of workers within occupations and therefore λij may vary over time.
The changes in (log) relative demand for workers with education i in occu-
pation j are not bi-proportional anymore and read as:
∆ lnLijt = ∆ lnYt + σ∆ ln(UC(wt)) + (σe − σ)∆ lnUCjt(wt)
+σ∆ ln δjt − σe∆ lnwit + σe∆ lnλijt
= lnR∗j + lnSi + lnAij
This means that, at constant wage structure and assuming that the log-
linear relationship between the non-neutral technical changes and changes in
employment are accurately approximated by a linear relationship, shifts in
the demand for workers, can be expressed as follows.
Lijt ≡ Dijt = FCijt + cijt (2)
where cijt is a term indicating skill-biased technical and organizational changes.
In the empirical analysis, the change in cij, i.e. cijt − cijt−1 = uij is assumed
to be constant at least within subperiods (constant between 1979-1992, as in
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early expansion demand forecasts,5 and constant between 1996 and 2003 in
the expansion demand forecasts for the period 2004-20106).
Summing up equation 2 over j, the demand for workers with education i
reads as:
Dit = FCit + Cit (3)
Summing up equation 1 over i leads to:
D.jt = FCjt + Cjt
= L.jt + Cjt
⇔
Cjt = 0
Equation 2 describes demand at time t given the wage structure at time
t−1 that is given the supply structure at time t−1. Since the supply structure
may change over time, there will in general be a gap between demand as
depicted in equation 3 and supply. This gap is equal to:
Git = Dit − Sit
where Sit = Li.t.
Employment of workers with education i in occupation j at time t is
therefore given by:
Lijt = Dijt − αijGit
⇔
Lijt − FCijt = cijt − αijGit (4)
with
P
j αij = 1.
5See ROA (1995).
6See ROA (2005).
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Knowing Git enables the estimation of Equation 4 using OLS techniques
to get estimates of cijt and αij. However, while the set of α parameters are
identified through the OLS estimation, only the relative c parameters are
identified, not their level, i.e. the sum of the parameters is unknown. This
means that setting Ci = 0 for instance, which is equivalent to identifying Git
as FCit−Sit, one can retrieve the conditional estimates of cij via OLS regres-
sion of equation 4. However, one could also have set Ci = C (equivalently
set Git = FCit + C − Sit) and retrieve the same relative cij parameters. To
identify Ci, we need an additional equation.
An interesting possibility is met when there is a relationship between
the α0s and the c0s, characterized by the function cij = f(αij). Using the
linear approximation to f and denoting ecij the estimates of cij conditional
on eCi =Pecij = 0, the Ci’s can be identified by regressing ecij on αij for all i
using OLS techniques:7
ecij = constij − γiαij + eij (5)
Indeed, summing equation 5 over j yields eCi = 0 =Pj dconstij + bγi.
One problem with this estimation is that the α0s are estimates of the
first step estimation procedure and are therefore measured with errors. As
suggested in Judge et al. (1985), IV estimation techniques can be used to
overcome this problem. One would proceeds in two steps:
1. Construct an instrument for α0s, for instance a variable containing the
rank of the α0s, and regress the α0s on its instrument. Derive the in-
sample prediction of the α0s, bα = (1 : Rankα) bβ where 1 is a vector that
contains ones and Rankα a variable containing the rank of the α0s.
2. Replace α by bα and use LS techniques to estimate equation 5.
The estimation results for the Netherlands using the Labour Force Survey
data from 1979 to 20038 and 128 distinct occupations are presented in Table
1. These upgrading coeﬃcients have been used to derive Figure 1 discussed
in the introduction. The striking result is the deceleration of the speed of
7There are an infite number of possible shapes for the function indicating the relation-
ship between c0s and α0s that satisfy eCi = 0 =Pj f(bcij , bγi).
8The Labour Force Survey was first conducted every two years from 1979 to 1988. Since
1988, it is conducted on a yearly basis.
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skill upgrading since the mid 90s at all levels of education relative to primary
education and the twist between higher vocational graduates and university
graduates, from positive shifts in the relative demand for university graduates
at a yearly rate of 1.15% to negative shifts at a yearly rate of -0.59%.
3 Conclusion
An important factor of shifts in the skills composition of the workforce is the
upgrading of the qualifications demanded in the various jobs in the economy,
the so-called skill-upgrading. This skill-upgrading is principally caused by
the development of new technologies that demand more or diﬀerent skills to
be eﬃciently operated or by organizational changes that lead to an increase of
the skills demanded to perform the tasks of the various occupations. Drawing
microeconomic foundations of demand shifts from production functions, this
paper presented an empirical methodology to estimate the speed of skill
upgrading in diﬀerent periods.
The results of this paper provide empirical evidence that the structural
changes that take place in the Dutch labor market are not constant over
time. The results clearly indicate that the speed of skill-upgrading in the
Netherlands has decreased significantly since the mid 90s compared to the
80s. While the demand for college graduates increased at an annual rate of
2.6 percent only between 1979 and 1992 and the demand for workers with
primary education decreased at an annual rate of 4.5 percent, the demand
for university graduates increased at an annual rate of 0.3 percent only be-
tween 1996 and 2003 while the demand for workers with primary education
decreased at an annual rate of 0.2 percent only.
The methodology presented in this paper could be improved in several
directions. First, so far we assume that the log-linear relationship between
the non-neutral technical changes and changes in employment are accurately
approximated by a linear relationship. This is a strong assumption that
might bias the estimates of skill-upgrading. Particular attention should be
paid to the implications of this assumption and weaker alternatives should be
proposed and investigated. Second, the identification of the Ci parameters
requires additional information. So far we imposed more structure, i.e. a
linear relationship between cij and αij, to the model to being able to iden-
tify these parameters. Alternative approaches should be proposed and the
relative eﬃciencies of the various methods should be investigated.
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Skill-upgrading by educational level: 
Steady (full lines) or deceleration (dotted lines)?
Figure 1: Steady demand or deceleration?
Table 1: Skill-upgrading coeﬃcients for the periods 1979-1992 and 1996-2003.
Periods 1979-1992 Relative 1996-2003 Relative
Education % %
Primary −4.48 _ −0.15 _
Lower secondary −1.08 3.40 −0.40 −0.25
Upper secondary 0.94 5.42 −0.33 −0.18
Higher vocational 1.46 5.94 0.86 1.01
University 2.61 7.09 0.27 0.42
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